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Description 

[0001] This invention relates to novel electro-optic colour devices, more specifically to liquid crystal colour shutters 
and switches. 

5 [0002] Liquid crystal materials are widely used in liquid crystal displays such as watches, calculators etc. Most dis- 
plays of this type consist of a thin film of a liquid crystalline composition sandwiched in a cell between two substrates, 
at least one of which is transparent, and having transparent electrodes on their inner surfaces. On applying a potential 
difference across the electrodes the alignment of the molecules of the liquid crystalline composition is altered, resulting 
in an electro-optic effect in the material, which is exploited by the display. Most often electro-optic effects in the nematic 

10 liquid crystal phase are exploited in such displays. Examples of types of displays include the twisted nematic, the 
Freedericksz effect device, cholesteric memory mode device, cholesteric to nematic phase change effect device, dy- 
namic scattering effect device, two frequency switching effect device and the 'super-twist' effect device. Other types of 
device include active matrix twisted nematics and pi-cells. 

[0003] In general the above liquid crystal devices comprise cells made from glass substrates. There are numerous 
15 problems associated with the manufacture of glass cells and therefore devices, for example the limitations concerning 
the angle of view of such devices in practice limits the size of such cells to approximately 50cm across the diagonal. 
[0004] A type of liquid crystal display has been developed in which droplets of a suitable liquid crystalline composition 
are dispersed in a solid light transmissive polymeric matrix. In the art such materials are known as polymer dispersed 
liquid crystals (PDLC) and/or as nematic-curvilinear aligned phase (NCAP) materials because of their construction and 
20 physics respectively. Typically PDLCs and NCAPs consist of a dispersion of nematic liquid crystal material in a con- 
tinuous polymer matrix. Light is scattered from such materials because of a mismatch between the refractive index of 
the droplets and the matrix. When no field is applied incident light is efficiently scattered because of the mismatch of 
the refractive index of the droplets and the matrix. When a field is applied the alignment of the liquid crystal results in 
the droplets having an effective refractive index closer to the ordinary refractive index of the liquid crystal, r\>, for light 
25 incident normal to the material. The matrix has a refractive index, rip, essentially equal to n Q and therefore the material 
becomes transparent to incident light. 

[0005] Problems associated with these type displays include low contrast. 

[0006] Recent published work has shown that improved contrast ratio may be achieved by exploiting depolarisation 
properties between crossed polarisers; Yoshida et at Journal of the SID, 1/4, 1993 pp 417-22. 
30 [0007] Some of the properties which need to be considered for optimising the performance of PDLC and related 
devices are set out below. 

[0008] The ordinary refractive index n G of the composition should match or be similar to the refractive index of the 
polymer material, so that in the presence of an applied field the material becomes as transparent as possible to incident 
light. Further desirable characteristics of the liquid crystal composition are a high birefringence, An, a high nematic to 

35 isotropic transition temperature T(N-I) and a low threshold voltage, V th , for device operation. 

[0009] There are various methods by which a PDLC can be constructed. J.W. Doane in Liquid Crystals, Applications 
and Uses vol I, ed. B. Bahadur pp361-95 1990, and references therein describes some of them. One olthe methods 
is polymerization induced phase separation (PIPS). For the PIPS method it is important that the liquid crystal material 
must mix with a monomer with which it is soluble. The liquid crystal composition should be sufficiently soluble in the 

40 monomer chosen and be sufficiently less soluble in the polymer so that phase separation occurs. Some other tech- 
niques include; Thermally induced phase separation (TIPS), Solvent induced phase separation (SIPS) and Enscapu- 
lation. 

[0010] Such materials may be made into large area display devices, such as windows, privacy screens etc without 
the problems mentioned above. References to such materials and devices are found in Mol. Cryst. Liq. Cryst. Inc. 

45 Nonlin. Opt. (1988) 17 427-441, Liquid Crystals (1988) 3(11) 1543-1559. FR 2.1 39.537. US 4435047 and US 4688900. 
[0011] A range of compounds has been used in compositions for PDLC materials. The references mentioned above 
refer to the use of benzylidineanilines, 4-alkyl or alkoxy 4'-cyanobiphenyls or 4"-cyanoterphenyls, alkyl or atkoxy cy- 
anophenylcyclohexanes or cyanobiphenylcyclohexanes and aromatic esters in these compositions. The use of laterally 
fluorinated 4-alkyl or alkoxy 4"-cyanoterphenyls mixed with other liquid crystal compounds in PDLCs is described in 

so International Patent Application PCT/GB90/01947 which has International Publication number WO 91/09092. 

[0012] Yoshida et at, Journal of the SID, 1/4, 1993. pp41 7-422 discuss the use of PDLCs in thin-film transistor liquid 
crystal displays. 

[0013] It is known to use PDLC devices as colour shutters or switches. It has been shown that by placing a coloured 
card behind a PDLC film one can construct a simple colour switch as in the Merck Paperwhite™ display. However 
55 these only show a switch between an 'off-white' and coloured state. Alternatively it is known to incorporate dyes into 
the PDLC material. By adding a dye the polymer is also coloured, significantly reducing contrast. 
[0014] UK patent GB 1 ,491 ,471 describes a colour display system comprising i.a. a liquid crystal filter and UK patent 
GB 1 ,469,638 describes a liquid crystal device whereby the colour of light transmitted by the device may be controlled. 
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[001 5) The present invention overcomes the above problems relating to PDLC devices as colour shutters or switches 
by using a light modulating material such as a polymer dispersed liquid crystal in combination with coloured polarisers. 
[0016] According to this invention an electro-optic colour device comprises a layer of a light modulating material 
between two polarisers at least one of the polarisers being coloured, and means for applying an electric field to the 
5 light modulating material, the arrangement being such that the colour of transmitted light is modulated by an electric 
field being applied to the light modulating material. 

[0017] Preferably the device is operated such that in a zero applied field, light of one colour is observed and in a 
field applied state another colour is observed. 

[0018] Preferably the light modulating material comprises a polymer matrix throughout which is dispersed droplets 

io of a liquid crystal composition, eg a polymer dispersed liquid crystal. 

[0019] Preferably the means for applying an electric field to the light modulating medium may be provided by, for 
example, the polymer matrix being sandwiched between two indium tin oxide electrodes which themselves may be 
mounted on the surface of two transparent substrates eg glass. The electrodes may also be of the following types: 
7-bar numeric display, row and column or r, theta pattern. 

15 [0020] The transparent substrates may be formed by the polarisers. 

[0021] The device may work in a transmissive or reflective mode. A light source may be provided by, for example, 
a bulb or a large area backlight. The light source may be any colour of visible light and colour filters may also be 
incorporated into the device. 

[0022] The coloured polariser may consist of one or more coloured polarisers preferably at least two. 
20 [0023] The invention will now be described by way of example only with reference to the following drawings of which:- 

Figures 1A and IB represent a cross sectional view of a polymer dispersed liquid crystal cell in a scattering and 
non-scattering state respectively: 

25 Figure 1C illustrates ordinary and extraordinary refractive indices of liquid crystal molecules within a droplet; 

Figure 2 is a representation of a electro-optic shutter acting as a colour switch; 

Figure 3 is a representation of a electro-optic shutter acting as a membrane switch; and 

30 

Figure 4 is a 1931 CLE. chromaticity diagram illustrating colours obtained using blue and yellow polarisers and 
the effect of switching between blue and yellow states at various frequencies. 

[0024] Examples of the use of a light modulating material incorporated in a device embodying the present invention 

35 will now be described with reference to Figures 1-3. 

[0025] As shown in Figures 1 and 2 an electro-optic shutter comprises a polymer dispersed liquid crystal (PDLC) 
cell 7 consisting of a film of a transparent solid polymeric matrix 1 having a refractive index ly Dispersed within the 
matrix are droplets 2 of a liquid crystal composition. The matrix 1 with dispersed droplets 2 is sandwiched between 
two indium tin oxide electrodes 3,4 which are themselves mounted on the surface of two transparent substrates 5,6 

40 for example made from glass. Within the droplets 2 the director of the liquid crystal is oriented as a result of surface 
interactions between the liquid crystal and the polymer matrix 1 of the droplet - matrix interface. 
[0026] The liquid crystal composition has an ordinary refractive index n 0 normal to the director and an extraordinary 
refractive index n e parallel to the director. The ordinary refractive index n 0 is similar to the refractive index n p of the 
matrix, but there is a mismatch between n e and n p . When there is no electric field across the film 1, as in Figure 1A, 

45 the directors of the liquid crystal droplets 2 are randomly oriented which gives the droplets a higher refractive index 
than the surrounding polymer therefore the droplet acts as a scattering centre and light incident ^ is scattered as 
scattered light l s . Some of the scattered light (l s ) is reflected and some of it is transmitted through the cell 7. 
[0027] On application of an electric field across the film 1 as in Figure 1 B by applying a potential difference V between 
the electrodes 3, 4 the directors of the liquid crystal droplets (positive dielectric anisotropy) align parallel to the direction 

50 of the field. In this condition the refractive indices of polymer and droplets substantially match and the device becomes 
transparent, transmitting incident light l 0 as transmitted light l T . 

[0028] If the liquid crystal has a negative dielectric anisotropy or is of the two frequency type the PDLC can be formed 
to operate in reverse mode. In the reverse mode there is a refractive index mismatch in the V 0N state and substantially 
no mismatch in the V 0FF state. 

55 [0029] In Figure 2 the PDLC cell 7 is located between a plane polariser 8 and crossed coloured polarisers 9,10. The 
colour of the transmitted light l T is modulated by an electric voltage being applied to the cell 7. The shutter consists of 
a light source 11 arranged so that light may be transmitted through a plane polariser 8. The source of the light may be, 
for example, a light bulb or a large area backlight. Light passing through the plane polariser 8 is plane polarised and 
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is then incident on the polymer dispersed liquid crystal cell 7. The PDLC cell 7 may either scatter the incident plane 
polarised light or transmit it largely unaltered. The PDLC is switcned between scattering and non-scattering modes by 
the application of a voltage. When the PDLC is in a scattering mode the incident polarised light is depolarised by 
scattering as it passes through the cell 7. The arrangement of the crossed coloured polarisers 9,10 determines the 

5 colour of the transmitted light l T . 

[0030] In an alternative embodiment a colour filter may be placed between the light source 11 and the plane polariser 
8 or between the plane polariser 8 and the polymer dispersed liquid crystal cell 7, or between 7 and 9 or after 10. 
[0031] A membrane switch is shown in Figure 3. This comprises a polymer dispersed liquid crystal cell 7 arranged 
between two flexible transparent substrates 12,13; polarisers 14, 15 may constitute these flexible transparent sub- 

10 strates or may be separate entities and attached to the substrates (as shown). The polariser 14 is typically a crossed 
coloured polariser. On the inside surfaces of the substrates 12,13 facing the PDLC device are located transparent 
conducting layers 16, 17 for example indium tin oxide, this allows a field to be applied across the cell. An insulating 
layer 18 eg air, or an adhesive, separates the plane polariser 15 which carries one or more transparent electrodes 19 
on its outer surface from a layer 20 carrying one or more transparent electrodes 21 . Behind this layer is a light source 

15 22 eg a light bulb or a large area backlight. 

[0032] Preferably the polymeric substrates are optically isotropic or set up in such a way so as to not affect the 
polarisation state of the light incident on them, for example the polymeric substrate is uniaxially drawn and aligned with 
the polariser or analyser. 

[0033] To operate the membrane switch of Figure 3 the surface 14 of the membrane switch is pressed and deforms, 
20 in turn the subsequent layers are deformed and contact is made between the two transparent electrodes 19 and 21. 
The switch is activated which may control one or several devices, for example the switch may be an on/off button for 
a television set. By activating the device, a voltage is applied across the polymer dispersed liquid crystal cell and the 
cell is switched from a scattering to a non-scattering state or vice-versa. 

[0034] If the PDLC is in the scattering state then light from the light source 22 will be incident on the polariser 20 and 
25 be plane polarised; it is then depolarised by scattering through the polymer dispersed liquid crystal cell 7. The colour 
of the light l T then emerging through the device is dependent on the arrangement of colour polarisers 14. For example 
should there be scattered light incident on the crossed colour polarisers 14 then the colour of the transmitted light lj 
will be determined by the relative absorptivities of the colour polarisers. Alternatively when the light incident on the 
colour polarisers is plane polarised the colour polarisers are arranged accordingly to allow the plane polarised light 
30 through, which then becomes coloured plane polarised light. 

[0035] The coloured polariser may comprise coloured polarisers being laid on top of other coloured polarisers. These 
polarisers may then make an angle to each other. Preferably this angle includes or is between the values 60^-120°. 
Even more preferably it is as close to 90° as possible. 

[0036] Preferably the relationship between the colour and non-colour polarisers is such that the angle subtended by 
35 the non-colour polariser to one of the colour polarisers is 0°-5° and the angle subtended by the non-colour polariser 
to the other colour polariser is 85°-95°. even more preferably these angles are 0° and 90°. 

[0037] For any of the above specific embodiments it is possible to introduce a third colour by switching the PDLC 
cell 7 between scattering and non-scattering states at a suitable frequency. For example if one were to switch sufficiently 
quickly between scattering and non-scattering states and the crossed polarisers were coloured blue and yellow then 
40 the light transmitted may appear green. 

[0038] In an alternative of the embodiments described instead of the light source being provided by a backlight it is 
possible to use a polarisation maintaining reflector so that the device operates in a reflective mode. Also in an alternative 
embodiment the light source could be replaced by a cathode ray tube, (CRT). 

[0039] In another embodiment the reflector may be a partially reflecting mirror so the device can operate either in a 
45 reflective or transmissive mode. 

[0040] A second layer of PDLC may be placed after the coloured polarisers with a third colour polariser after the 
PDLC. The modulation of this second PDLC layer modulates the colour transmitted. Multi-layer combinations may be 
constructed. 

[0041] If the droplets are made larger than the conventional size of droplets found in a PDLC, for example they are 
50 increased in size to approximately 10pm in diameter and the liquid crystal droplets consist of cholesteric liquid crystal 
material with a negative dielectric anisotropy, then the droplets will have the effect of altering the polarisation state of 
the light. If the pitch, droplet size and layer thickness are set up correctly then the light emerging from the layer may 
be circularly polarised, or linearly polarised orthogonal to the polarisation of incident light and thus will appear a different 
colour after passing through the coloured polarisers. 
55 [0042] Typically the thickness of the light modulating material is from 0.5pm to 500pm thick, preferably it is from 
1.0pm to 250pm thick, even more preferably it is from 2.0pm to 20pm thick. 

[0043] PDLCs may be operated in a normal or a reverse mode, though they are conventionally operated in a normal 
mode. Examples of nematic liquid crystal materials which may be used in the PDLCs of this invention include any 
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nematic material having a dielectric anisotropy of greater than 1 for normal mode PDLCs; or in reverse mode PDLC 
devices, a dielectric anisotropy of less than 0, preferably less than -2. 

[0044] More specifically, examples of liquid crystal monomers which may be included in the PDLC device include 
the following: 

5 




10 

wherein R is straight or branched chain alkyl or alkoxy containing 1-12 carbons, 
wherein R is straight or branched chain alkyl or alkoxy containing 1-12 carbons. 

20 



25 




wherein R is straight or branched chain alkyl or alkoxy containing 1-12 carbons and n may be 1 or 2. Preferably n is 1 
and preferably the following compound is present in the PDLC droplets: 

30 



F 




[0045] Suitable compositions of liquid crystal materials which may be included in the devices described by the in- 
40 vention include at least one of the compounds having the formula I: 



45 




50 wherein n is 1 or 2, the fluorine substituent(s) may be in any of the available substitution positions and R n is C 1 . 12 
alkynyl, hydrogen, R, R0 or RC0 where R is alkyl or perfluoroalkyl and at least one other of said compounds has a 
general formula II: 

55 
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5 




II 



wherein m is 0 or 1 and R 2 is hydrogen or C-,. 12 alkyl or alkoxy. 

[0046] In addition to the materials described by formulae I and II the liquid crystal composition may contain the 
10 following type compounds: 



15 




III 



wherein R 3 is C^^ alkyl or alkoxy and 1 is 0 or 1. 
20 [0047] In addition to the compounds described by formulae I, II and III the liquid crystal composition may include one 
or more of the following type compounds, IV, V, VI, VII. 



25 



30 
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40 



45 



50 




wherein each of R 4 , R 5 , R 51 , R 6 and R 7 is independently C V12 alkyl or alkoxy, rings A and B are independently phenyl 
or cyclohexyl; p, q, r and s are each independently 1 or 2; and the fluorine substituent in VI may be in any of the available 
55 substitution positions. 

[0048] Suitable compounds described by general formula IV, VI and VII are given by formulae IVA, VIA and VIIA 
respectively: 
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10 




VIA 



75 



»-CN 



VI I A 



20 



where R 4 , R 6 and R 7 are as defined above. 

[0049] Other suitable compounds include the compounds of the following formula: 



25 



3 ' 



where R is C V12 alkyl or alkoxy and R' is, independently from R, selected from alkyl or alkoxy. 
30 [0050] Examples of suitable polymer matrices include one or more of the following: 

[0051] epoxy resins, polyvinyl polymers, polyacrylates, polyurethanes, polyesters and polyarylalkenes. These poly- 
mers may be substituted by functional groups. 

[0052] It may also be possible to incorporate the materials described as being suitable for use in this invention into 
porous polymers so that liquid crystal impregnated porous polymers result. A known example of a porous polymer or 
35 high internal phase emulsion (HIPE) is polyHIPE™. 

[0053] HIPEs are a route to open cell foams, see references Williams and Wrobleski Langmuir 1 988. 4, 656-662 and 
Williams, Gray and Wilkerson, Langmuir 1990, 6, 437-444. 

[0054] HIPEs are formed by taking a monomer, a cross-linking agent, a surfactant and water. An emulsion is formed 
and thin films are prepared. The system is then polymerised and then the water is removed. The remaining thin film 

40 of open celled foam may then be filled with liquid crystals. The advantage of this type of PDLC is that the polymer 
network is formed in the abscence of the liquid crystal, this means that substantially no intermixing between the liquid 
crystal and the monomeric material takes place. The HIPE may be thoroughly cleaned and/or coated (with an aligning 
agent for example) before being filled. The inventors of the current invention have taken HIPEs formed from styrene 
and divinylbenzene and have successfully filled and switched them from a scattering to a non scattering state: Mason, 

45 Guy, IvTOonnell, unpublished results. 

[0055] For the data presented in Table 1 below 60% by weight of Norland Optical Adhesive number 65 obtainable 
from Tech Optics Ltd, Kent and 40% BL36 - a nematic liquid crystal mixture obtainable from Merck UK were mixed to 
give a clear isotropic material which was flow filled into a cell consisting of two glass plates, which possessed a clear 
indium tin oxide conductor on one side, sandwiched together and separated by Mylar spacers. Once the cell had been 

50 filled with the adhesive/liquid crystal mix it was exposed to U.V. light. Within the mixture there is photoinitiator present. 
Some examples of photoinitiator include Darocures and Igacures available from Merck UK such as Darocure 1173 or 
4265 and Igacure 651. There are various U.V. curables which are available, some examples are Electrolite corporation 
materials such as ELC 4481 available through Intertronics Ltd Kidlington Oxon. 

[0056] Sanritz R coloured polarisers were used, for example a red polariser would be placed on top of a green polar- 
55 iser, in the V 0FF state the emerging light would appear red and in the V ON state the colour would appear green. The 
colours were measured on a Photo Research™ PR-713 Spot spectrascan™ fast spectral scanner. 
[0057] Typically a 1kHz square wave, 60V rms was applied for the ON state, the OFF state corresponded to 0V. 



7 



EP 0 746 795 B1 

Table 1: Data obtained for 1931 CIE diagram. 



Colour Polarisers Correspond to Colour Coords 

V on or V 0Fr X Y 


RED 
GREEN 


V 

OFF 


0.3702 0.1809 


BLUE 
YELLOW 


V ON 

V orr 


0.2493 0.3324 
0.3972 0.4448 


YELLOW 
PURPLE 


v 

OFF 


0.4590 0.4513 
0.3612 0.2851 


GREEN ~" 

GREEN 
RED 


V 0N 1 

V orr 


O.3291 0.5028 
0.5515 0.4010 



35 

[0058] In Figure 4 data for the invention is illustrated on the 1 931 CIE diagram. The data was obtained for when blue 
and yellow polarisers were used as detailed in Table 1 above. By switching between yellow and blue states at a suitable 
frequency then a green colour could be obtained. The 'coordinates' of the green colour are shown in Figure 4 at different 
frequencies (5Hz, 10Hz and 30Hz) of switching between yellow and blue light. At 30 Hz the coordinates are X = 0.3043 
40 and Y = 0.3818. 

[0059] Green, green, red in the Table above indicates that three colour polarisers were used. 



Claims 

45 

1. An electro-optic colour device comprising a layer of a light modulating material which comprises a layer of polymer 
matrix (1 ) within which is dispersed a liquid crystal composition (2), said layer of light modulating material positioned 
between at least two polarisers (8,9,10) at least one of the polarisers (9,10) being coloured, and means (3,4) for 
applying an electric field to the light modulating material, the arrangement being such that the colour of light trans- 
50 mitted by the device is modulated by an electric field applied to the light modulating material. 



2. An electro-optic colour device according to claim 1 wherein the arrangement is such that by switching the light 
modulating material between scattering and non-scattering states there results a change in colour of light trans- 
mitted by the device. 

55 

3. A device according to claim 1 or 2 wherein the liquid crystal composition is dispersed within the polymer matrix in 
discrete droplets. v 
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4. 
5. 

( 

6. 
7. 
8. 
9. 

15 10. 
11. 
12. 

20 

13. 
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A device according to claim 1 or 2 wherein the polymer matrix consists of a matrix of interconnecting pores. 

A device according to claims 1-4 wherein the layer of light modulating material is sandwiched between two trans- 
parent electrode structures (3,4) the electrode structures being mounted on the inner surface of two transparent 
substrates (5 ( 6). 

A device according to claim 5, wherein the electrode structures are formed as a 7-bar numeric display. 

A device according to claim 5, wherein the electrode structures are formed as row and column electrodes. 

A device according to claim 5, wherein the electrode structures are formed as an r, 9 pattern. 

A device according to any one of claims 1-8 wherein the light modulating material is from 0.5nm to 500um thick. 

A device according to any one of claims 1-8 wherein the light modulating material is from 1.0um to 250pm thick. 

A device according to any one of claims 1-8 wherein the light modulating material is from 2.0um to 20um thick. 

A device according to claims 1-11 wherein the coloured polariser comprises at least two sheets of coloured polar- 
ising material. 

A device according to claim 12 wherein the two colour polarisers are arranged at an angle of from 60° to 120° to 
each other. 



25 14. A device according to claim 13 wherein the two colour polarisers are arranged at substantially 9CT to each other. 

15. A device according to claims 1-14 wherein the polarisers comprise a non-coloured and two coloured polarisers 
and wherein the relationship of the non-coloured polariser to the coloured polariser is such that the angle subtended 
by the non-colour polariser to one of the coloured polarisers is 0°-5° and the angle subtended by the non-colour 

30 polariser to the other colour polariser is 85°-95°. 

16. A device according to claims 1-15 wherein the liquid crystal composition is a mixture of at least two compounds, 
at least one of the said compounds having a general formula I: 



35 



40 




wherein n is 1 or 2, the fluorine substituents may be in any of the available substitution positions and R, is 0^ 2 
^5 alkynyl, hydrogen, R, RO or RCO where R is alkyl or perfluroalkyl and at least one other of said compounds has 

a general formula II: 



50 




II 



55 



wherein R 2 is hydrogen or C vu alkyl or alkoxy and m is 0 or 1. 
1 7. A device according to claim 1 6 wherein the composition additionally includes one or more compounds of formula III 
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III 



wherein R 3 is C^^ alkyl or alkoxy and 1 is 0 or 1. 
18. A device according to claims 16 or 17 wherein at least one compound of the composition has the following formula: 



F 




19. A device according to any one of claims 16-18 wherein the composition includes one or more compounds selected 
from the following: 




wherein each of R 4 , R 5 , R 51 , R 6 and R 7 is independently C t _ 12 alkyl or alkoxy, rings A and B are independently 
phenyl or cyclohexyl; p,q,r and s are each independently 1 or 2; and the fluorine substituent in VI may be in any 
of the available substitution positions. 

20. A device according to claim 19 wherein compounds of Formulae IV, VI and VII are respectively: 
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5 



10 



15 




IVA 



VI IA 



20 where R 4 , R 6 and R 7 are as defined in claim 19. 

21 . A device according to claims 1 -20 wherein the polymer matrix is selected from one or more of epoxy resins, polyvinyl 
polymers, polyacrylates, polyurethanes, polyesters and polyarylalkenes. 

25 22. A device according to claims 1-21 wherein the polymer matrix is formed from a polymerised high internal phase 
emulsion. 

23. A device according to claims 1-22 wherein the device is adapted to be operated in a reverse mode. 

30 

Patentanspriiche 



1. Elektrooptische Farbvorrichtung, die eine Schicht aus einem lichtmodulierenden Material, das eine Schicht aus 
einer Polymermatrix (7), in der eine Flussigkristallzusammensetzung dispergiert ist, aufweist, wobei die Schicht 
35 aus lichtmodulierendem Material zwischen mindestens zwei Polarisatoren (8, 9, 10) angeordnet und mindestens 

einer der Polarisatoren (9,10) farbig ist, und Einrichtungen (3, 4) zum Anlegen eines elektrischen Feldes an das 
lichtmodulierende Material umfaftt, wobei die Anordnung derart ist, daft die Farbe des von der Vorrichtung durch- 
gelassenen Lichtes durch ein an das lichtmodulierende Material angelegtes elektrisches Feld moduliert wird. 

40 2. Elektrooptische Farbvorrichtung nach Anspruch 1 , wobei die Anordnung derart ist, daft sich durch die Schaltung 
des lichtmodulierenden Materials zwischen streuenden und nicht-streuenden Zustanden eine Anderung der Farbe 
des von der Vorrichtung durchgelassenen Lichts ergibt. 

3. Vorrichtung nach Anspruch 1 oder 2, wobei die Flussigkristallzusammensetzung in der Polymermatrix in Form von 
45 diskreten Tropfchen (2) dispergiert ist. 

4. Vorrichtung nach den Anspruchen 1 oder 2, wobei die Polymermatrix aus einer Matrix aus miteinander in Verbin- 
dung stehenden Poren besteht. 

50 5. Vorrichtung nach den Anspruchen 1 bis 4, wobei die Schicht aus lichtmodulierendem Material sich sandwichartig 
zwischen zwei lichtdurchlassigen Eiektrodenstrukturen (3, 4) befindet und die Elektrodenstrukturen auf der inneren 
Oberflache von zwei lichtdurchlassigen Tragern (5, 6) montiert sind. 

6. Vorrichtung nach Anspruch 5, wobei die Elektrodenstrukturen in Form einer numerischen 7-Segmentanzeige aus- 
55 gestaltet sind. 



7. Vorrichtung nach Anspruch 5, wobei die Elektrodenstrukturen in Form von Zeilen/Spalten-Elektroden ausgestaltet 
sind. 



11 



EP 0 746 795 B1 

8. Vorrichtung nach Anspruch 5, wobei die Elektrodenstrukturen in Form eines r/9-Musters ausgestaltel sind. 

9. Vorrichtung nach einem der Anspruche 1 bis 8, wobei das lichtmodulierende Material 0,5 urn bis 500 urn dick ist. 
5 10. Vorrichtung nach einem der Anspruche 1 bis 8, wobei das lichtmodulierende Material 1 ,0 urn bis 250 urn dick ist. 

11. Vorrichtung nach einem der Anspruche 1 bis 8, wobei das lichtmodulierende Material 2,0 urn bis 20 urn dick ist. 

12. Vorrichtung nach den Anspruchen 1 bis 11, wobei der farbige Polarisator mindestens 2 Platten aus farbigem, 
10 polarisierenden Material aufweist. 

13. Vorrichtung nach Anspruch 12, wobei zwei Farbpolarisatoren in einem Winkel von 60° bis 120° zueinander ange- 
ordnet sind. 

*5 14. Vorrichtung nach Anspruch 13, wobei die zwei Farbpolarisatoren in einem Winkel von praktisch 90 3 zueinander 
angeordnet sind. 

15. Vorrichtung nach den Anspruchen 1 bis 14, wobei die Polarisatoren einen nicht-farbigen und zwei farbige Polari- 
satoren umfassen und die Beziehung des nicht-farbigen Polarisators zu den farbigen Polarisatoren derart ist, daft 

20 der von dem nicht-farbigen Polarisator zu einem der farbigen Polarisatoren eingenommene Winkel 0° bis 5° betragt 

und der von dem nicht-farbigen Polarisator zu dem anderen farbigen Polarisator eingenommene Winkel 85° bis 
95° betragt. 

16. Vorrichtung nach den Anspruchen 1 bis 15, wobei die Flussigkristallzusammensetzung ein Gemisch aus minde- 
25 stens zwei Verbindungen ist, von denen mindestens eine der Verbindungen die allgemeine Formel I hat: 




wobei n 1 oder 2 ist und die Fluor-Substituenten sich an einer beliebigen der verfugbaren Substitutionspositionen 
befinden konnen und C^^-Alkinyl, Wasserstoff, R, RO oder RCO bedeutet und R Alkyl oder Perfluoralkyl ist, 
und mindestens eine andere der Verbindungen die allgemeine Formel II hat: 




II 



wobei R 2 Wasserstoff oder C^^-Alkyl oder -Alkoxy ist und m 0 oder 1 ist. 

17. Vorrichtung nach Anspruch 16, wobei die Zusammensetzung aufierdem eine oder mehrere Verbindungen der 
50 Formel III enthalt: 



55 




III 



wobei R 3 C^^-Alkyl oder -Alkoxy ist und 1 0 oder 1 ist. 
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18. Vorrichtung nach Anspruch 16 oder 17, wobei mindestens eine Verbindung der Zusammensetzung die folgende 
Formel hat: 



F 




19. Vorrichtung nach einem der Anspruche 16 bis 18, wobei die Zusammensetzung eine oder mehrere Verbindungen 
enthalt, die unter den folgenden ausgewahlt ist: 




wobei R 4 , R 5 , R 51 , R 6 und R 7 jeweils unabhangig C-j.^-Alkyl oder -Alkoxy bedeuten, die RingeAund B unabhangig 
voneinander Phenyl oder Cyclohexyl bedeuten, p, q, r und s jeweils unabhangig 1 oder 2 sind und der Fluor- 
Substituent in VI sich an einer beliebigen der verfugbaren Substitutionspositionen befinden kann. 

20. Vorrichtung nach Anspruch 19, wobei die Verbindungen der Formeln IV, VI bzw. VII folgende Formeln haben: 




IVA 
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F 




VI I A 



wobei R 4 , R 6 und R 7 wie in Anspruch 19 definiert sind. 

21 . Vorrichtung nach den Anspruchen 1 bis 20, wobei die Polymermatrix unter einer oder mehreren der Verbindungen 
Epoxyharze, Polyvinyl-Polymere, Polyacrylate, Polyurethane, Polyester und Polyarylalkene ausgewahlt ist. 

22. Vorrichtung nach den Anspruchen 1 bis 21 , wobei die Polymermatrix aus einer polymerisierten Emulsion mit hoher 
innerer Phase gebildet ist. 

23. Vorrichtung nach den Anspruchen 1 bis 22, wobei die Vorrichtung zum Betrieb im umgekehrten Modus angepafM 
ist. 

Revendications 

1. Dispositif electro-optique colore comprenant une couche d'un materiau qui module la lumiere qui comprend une 
couche de matrice polymere (7) dans laquelle est dispersee une composition de cristaux liquides, ladite couche 
de materiau qui module la lumiere etant positionnee entre au moins deux polariseurs (8, 9, 10), un des polariseurs 
(9, 10) au moins etant colore, et un moyen (3, 4) pour appliquer un champ electrique au materiau qui module la 
lumiere, agences de fagon que la couleur de la lumiere transmise par le dispositif soit modulee par un champ 
etectrique applique au materiau qui module la lumiere. 

2. Dispositif electro-optique colore selon la revendication 1 , dans lequel I'agencement se presente de telle sorte qu'en 
commutant le materiau qui module la lumiere entre des etats de diffusion et de non-diffusion, on obtienne un 
changement de couleur de la lumiere transmise par le dispositif. 

3. Dispositif selon la revendication 1 ou 2, dans lequel la composition de cristaux liquides est dispersee dans la 
matrice polymere sous la forme de gouttelettes individuelles (2). 

4. Dispositif selon la revendication 1 ou 2, dans lequel la matrice polymere comprend une matrice a pores intercon- 
nects. 

5. Dispositif selon les revendications 1 a 4, dans lequel la couche de materiau qui module la lumiere est intercalee 
entre deux structures d'electrodes transparentes (3, 4), les structures d'electrodes etant montees sur la surface 
interieure de deux substrats transparents (5, 6). 

6. Dispositif selon la revendication 5, dans lequel les structures d'electrodes sont formees sous la forme d'un affichage 
numerique a 7 barres. 

7. Dispositif selon la revendication 5, dans lequel les structures d'electrodes sont formees sous la forme d'electrodes 
en rangee et colonne. 

8. Dispositif selon la revendication 5, dans lequel les structures d'electrodes sont formees sur le modele r, 9. 

9. Dispositif selon Tune quelconque des revendications 1 a 8, dans lequel le materiau qui module la lumiere a une 
epaisseur de 0,5 a 500 nm. 
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10. Dispositif selon Tune quelconque des revendications 1 a 8, dans lequel le materiau qui module la lumiere a une 
epaisseur de 1 ,0 a 250 um. 

11. Dispositif selon Tune quelconque des revendications 1 a 8, dans lequel le materiau qui module la lumiere a une 
5 epaisseur de 2,0 a 20 urn. 

12. Dispositif selon les revendications 1 a 11, dans lequel le polariseur colore comprend au moins deux feuilles de 
materiau de polarisation colore. 

10 13. Dispositif seton la revendication 12, dans lequel les deux polariseurs colores sont agences de maniere a former 
un angle de 60 a 120° Tun par rapport a I'autre. 

14. Dispositif selon la revendication 13, dans lequel les deux polariseurs colores sont agences a un angle essentiel- 
lement de 90° Tun par rapport a I'autre. 

15 

15. Dispositif selon les revendications 1 a 14, dans lequel lesdits polariseurs comprennent un polariseur non colore 
et deux polariseurs colores et dans lequel la relation du polariseur non colore aux polariseurs colores est telle que 
Tangle sous-tendu par le polariseur non colore par rapport a Tun des polariseurs colores est de (F a 5° et Tangle 
sous-tendu par le polariseur non colore par rapport a I'autre polariseur colore est de 85° a 95°. 

20 

16. Dispositif selon les revendications 1 a 15, dans lequel la composition de cristaux liqutdes est un melange d'au 
moins deux composes, au moins un desdits composes ayant la formule generale I suivante : 



25 




30 

dans laquelle n est 1 ou 2, les substituants de fluor peuvent etre dans une des positions de substitution disponibles 
quelconques et R 1 est un alcynyle C-,.^, un atome d'hydrogene, R, RO ou RCO, R etant un alkyle ou un perfluo- 
roalkyle, et au moins un autre desdits composes a la formule generale II suivante : 

35 
40 

dans laquelle R 2 est un atome d'hydrogene ou un alkyle ou alcoxy C AA2 et m est 0 ou 1. 

17. Dispositif selon la revendication 16, dans lequel la composition comprend, en plus, un ou plusieurs composes de 
formule Ml 

45 




50 

dans laquelle R 3 est un alkyle ou alcoxy C^^ et 1 est 0 ou 1. 

18. Dispositif selon les revendications 16 ou 17, dans lequel au moins un compose de la composition a la formule 
suivante : 

55 



15 



EP 0 746 795 B1 




19. Dispositif selon Tune quelconque des revendications 1 6 a 18, dans lequel la composition comprend un ou plusieurs 
composes choisis parmi ies elements suivants : 



w < 



15 



IV 



20 




25 



30 




35 



ou chacun des R 4 , R 5 , R 51> R 6 et R 7 est, independamment, un alkyle ou alcoxy C^ 2 . Ies cycles A et B sont, 
^0 independamment, un phenyle ou un cyclohexyle ; p, q, r et s sont chacun, independamment, 1 ou 2 ; et le subs- 

tituant de fluor dans VI peut etre dans une des positions de substitution disponibles quelconques. 

20. Dispositif selon la revendication 19, dans lequel Ies composes de formules (V, VI et VII sont, respectivement : 



45 



R4- 




coo 




IVA 



50 



55 




VIA 
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CH 2 CH 2 - 




VIIA 



5 



R 4 , R 6 et R 7 etant tels que definis dans la revendication 19. 

10 21. Dispositif selon les revendications 1 a 20, dans lequel la matrice polyrnere est choisie parmi un ou plusieurs des 
polymeres suivants : resines epoxy, polymeres polyvinyle, polyacrylates, polyurethanes, polyesters et polyarylal- 
cenes. 

22. Dispositif selon les revendications 1 a 21, dans lequel la matrice polyrnere est formee a partir d'une emulsion a 
15 phase interne elevee polymerisee. 

23. Dispositif selon les revendications 1 a 22, dans lequel le dispositif est adapte pour pouvoir fonctionner en mode 



25 



30 



35 



40 



45 



50 



inverse. 
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Fig.2. 
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